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Attorney's Docket No.: 2309.1004-000 

INDEPENDENT X/Y FLOW ADJUSTABLE EXTRUSION DIE 

RELATED APPLICATION 

This application claims the benefit of U.S. Provisional Application No. 
60/267,987, filed on February 9, 2001, the entire teachings of which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

In general, an extrusion such as extruded polyvinyl chloride (PVC) pipe is 
formed by feeding plastic into an extruder where it is subjected to high temperatures to 
create a molten substrate. The substrate then proceeds through a feed tube, at the end of 
which additional material known as capstock can be applied if desired. The process of 
adding additional material to the substrate is known as co-extrusion. The substrate 
whether or not capstock coated is known as melt. The melt proceeds through an 
extrusion head, at the end of which the melt passes through a die. The die contains the 
circular cross-sectional profile shape to be extruded. The melt hardens as it exits the die 
in the desired cross-sectional form. The hardened material forms a tube that can grow 
to arbitrary length as additional melt is extruded. 

Normally, PVC pipe is produced by extruding molten plastic through a single 
die of an extruder. In some cases, two PVC pipes are produced simultaneously by 
extruding molten plastic through a Y-block, a pair of extrusion heads and a pair of dies. 

The ultimate shape of the extrusion is determined by a melt flow passage in the 
die between a bushing which surrounds a pin or mandrel. For circular pipe, the pin is 
circular in cross-section and an opening in the bushing which surrounds the pin is 
circular. To obtain a non-circular cross-section, such as a square, a circular extrusion is 
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typically reshaped through a transition bushing and pin which are circular at the inlet 
and square, for example, at the outlet. 



SUMMARY OF THE INVENTION 

One problem that arises, based on the current method and applied die technology 
5 is that it is extremely difficult to consistently extrude non-circular cross-section profiles, 
and correction of tolerance errors inside the extrusion die require interruption of the 
extrusion process. With circular cross-sections, adjustment may be provided to shift the 
bushing relative to the pin to obtain an extrusion of uniform thickness. However, with 
non-circular cross-sections, where rotation of the bushing relative to the pin cannot be 
10 tolerated, prior approaches are not feasible. 

In accordance with the invention, there is provided a method and an extrusion 
die for adjusting the wall thickness of a non-circular cross-sectional profile without 
stopping the extrusion process. 

The invention achieves this result by providing an extrusion die which contains a 
1 5 bushing plate, a profile pin and a first adjustment plate. The bushing plate has a flow 
path which shapes the exterior profile of the melt. The profile pin is located within the 
flow path of the bushing pin and shapes the interior profile of the melt. The first 
adjustment plate faces the bushing plate and surrounds the profile pin and may be 
moved in a direction transverse to the flow of the melt to provide a shift of the non- 
20 circular cross-sectional profile of the flowing melt. The movement of the first 

adjustment plate is restricted to prevent rotation relative to the bushing plate or may 
restrict movement along a first transverse axis. 

A second adjustment place which faces the first adjustment plate and surrounds 
the profile pin may be moved orthogonal to the first adjustment plate to provide a shift 
25 of the non-circular profile of the flowing melt. The movement of the second adjustment 
plate is restricted to prevent rotation relative to the first adjustment plate. 

A first bushing plate defines a flow path which maintains the circular cross- 
sectional profile exterior of the flowing melt. A second bushing plate defines a flow 
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path which shapes the circular melt exterior to the desired non-circular cross-sectional 
profile exterior of the flowing melt. A third bushing plate defines a flow path which 
maintains the desired non-circular cross-sectional profile exterior of the flowing melt. 

A first section of the profile pin defines a flow path which maintains the circular 
5 cross-sectional interior of the flowing melt. A second section of the profile pin defines 
a flow path which shapes the circular melt interior to the desired non-circular cross- 
sectional profile interior of the flowing melt. A third section of the profile pin defines a 
flow path which maintains the desired non-circular cross-sectional profile interior of the 
flowing melt. 

10 A bushing plate comprising non-circular cross-sectional surfaces defining a flow 

path through the bushing plate to maintain the desired non-circular cross-sectional 
profile. Opposing protrusions at a distal end from a face of the bushing plate defining at 
a distal end an adjustment channel which receives shoulders of a first adjustment plate 
and locates the first adjustment plate therein to prevent rotation of the first adjustment 



A first adjustment plate comprising non-circular cross-sectional surfaces 
defining a flow path through the first adjustment plate to maintain the desired non- 
circular cross-sectional profile. Shoulders at a proximal end from a face of the first 
adjustment plate which may be moved within an adjusting channel of the bushing plate 
20 to prevent rotation of the first adjustment plate relative to the bushing plate. Opposing 
adjusting channels from a distal face which receive shoulders of the second adjustment 
plate and locate the second adjustment plate therein to prevent rotation of the second 
adjustment plate relative to the first adjustment plate. 



25 defining a flow path through the second adjustment plate to maintain the desired non- 
circular cross-sectional profile. Opposing shoulders at a proximal end from a face of the 
second adjustment plate moveable within adjusting channels of the first adjustment 
plate to prevent rotation of the second adjustment plate relative to the first adjustment 
plate. 
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plate relative to the bushing plate. 



A second adjustment plate comprising non-circular cross-sectional surfaces 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advantages of the invention will be 
apparent from the following more particular description of preferred embodiments of 
the invention, as illustrated in the accompanying drawings in which like reference 
5 characters refer to the same parts throughout the different views. The drawings are not 
necessarily to scale, emphasis instead being placed upon illustrating the principles of the 
invention. 

Figs. 1 A-C show plan, side and perspective views of a dual co-extrusion set-up; 
Fig. 2A-B show assembled and exploded views of an extrusion die; 
10 Fig. 3 A shows a longitudinal-sectional view of the extrusion die highlighting 

adjusting plate 1; 

Fig. 3B shows a longitudinal-sectional view of the extrusion die rotated 90° 
relative to Fig. 3A; 

Fig. 4 A shows a longitudinal-sectional view of an enlarged section of the 
1 5 extrusion die highlighting a shift of adjusting plate 1 ; 

Fig. 4B shows a longitudinal-sectional view of an enlarged section of the 
extrusion die highlighting a shift of adjusting plate 2; 

Fig. 5 shows a longitudinal-sectional view of a spider pipe head to which the 
extrusion die is connected; 
20 Fig. 6 A shows a cross-sectional view of an extrusion using where the adjustment 

plates are located; 

Fig. 6B shows a cross-sectional view of an extrusion where the adjustment 
plates are not located; and 

DETAILED DESCRIPTION OF THE INVENTION 
25 A description of preferred embodiments of the invention follows. 

In general, Figs. 1 A-C refer to one embodiment of the invention. In the 
embodiment of Figs. 1 A-C, a dual co-extrusion setup 2 is used to extrude two 
simultaneous profiles (not shown) using one main extruder (not shown) and one co- 
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extruder (not shown). The dual co-extrusion setup 2 comprises a "Y" adapter 4; dual- 
line co-extrusion assembly 6; two spider pipe heads 8; and two adjustable profile dies 
10 and is shown assembled in Figs. 1 A-C. In the direction of flow path 12, the main 
extruder injects substrate into the "Y" adapter 4 which divides the substrate into two 
5 separate flows. In the direction of flow path 14, the co-extruder injects capstock (not 
shown) into the co-extrusion assembly 6. Inside a co-extrusion assembly 6, the 
capstock is divided into separate flows and the capstock and substrate of each flow are 
bonded together to form two separate flows of capstock coated substrate (CCS). Each 
flow of CCS flows from the co-extrusion assembly 6 into a separate spider pipe head 8 

10 and into a respective adjustable profile die 10. The CCS enters the two (2) adjustable 
profile dies 10 in circular form and each adjustable profile die transforms the CCS into a 
desired cross-sectional profile. The extrusions exit the two adjustable profile dies 10 
simultaneously in the direction of flow path 16. 

In other embodiments of the invention, the adjustable profile die 10 can be 

1 5 connected to any extrusion head using any extrusion setup. 

Figs. 2A and B show the components of adjustable profile die 10. In one 
embodiment of the invention, the adjustable profile die 10 can be made of stainless steel 
or another material used in the industry. The adjustable profile die 10 comprises the 
following components: (1) retaining ring 20; (2) bushing plate 30; (3) bushing plate 40; 

20 (4) bushing plate 50; (5) adjusting plate 60; (6) adjusting plate 70; (7) adjusting 
retaining ring 80; (8) profile pin 90; (9) draw bar 100; (10) heat plate 1 10; (1 1) heat 
plate cover 120; and (12) thermal sensor 130. 

Referring to Figs. 2-6, the CCS flows from spider pipe head 8 and between 
bushing plate 30 and profile pin 90 where section 31 of bushing plate 30 maintains the 

25 circular exterior of the extrusion and section 91 of profile pin 90 maintains the circular 
interior form of the extrusion. The CCS proceeds to flow between bushing plate 40 and 
profile pin 90 where section 41 of bushing plate 40 shapes the non-circular profile of the 
extrusion's exterior and section 93 of profile pin 90 shapes the non-circular profile of 
the extrusion's interior. The CCS then flows between bushing plate 50 and profile pin 
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90 where section 51 of bushing plate 50 and section 95 of profile pin 90 maintain the 
non-circular profile of the extrusion's exterior and interior respectively. 

The wall thickness of two opposing sides of the extrusion can be adjusted as the 
CCS flows between adjusting plate 60 and profile pin 90. Section 95 of the profile pin 
5 90 maintains the non-circular profile of the extrusion's interior. Section 61 of adjusting 
plate 60 maintains the non-circular profile of the extrusion's exterior while the wall 
thickness is adjusted. Shoulders 62 of adjusting plate 60 sit in adjusting channel 54 of 
bushing plate 50. The adjusting channel 54 restricts adjusting plate 60 from rotating to 
provide an even profile form as shown in Fig. 6A. Without being properly located to 

10 bushing plate 50, adjusting plate 60 could rotate creating a non-even profile as shown in 
Fig. 6B. Rotating adjusting screws 84 in or out adjusts the wall thickness of two 
opposing sides of the extrusion where adjusting plate 60 is moved in either direction 63 
or direction 65 in the adjusting channel 54. In the preferred embodiment, adjusting 
plate 60 is restricted to movement in the "X" direction in an x-y coordinate system. 

15 The wall thickness of the other two opposing sides of the extrusion can be 

adjusted as the CCS flows between adjusting plate 70 and profile pin 90. Section 95 of 
the profile pin 90 maintains the non-circular profile of the extrusion's interior. Section 
71 of adjusting plate 70 maintains the non-circular profile of the extrusion's exterior 
while the wall thickness is adjusted. Shoulders 72 of adjusting plate 70 sit in adjusting 

20 channels 64 and over protrusion 68 of adjusting plate 60. Adjusting channels 64 restrict 
adjusting plate 70 from rotating to provide an even profile form as shown in Fig. 6A. 
Without being properly located to adjusting plate 60, adjusting plate 70 could rotate 
creating a non-even profile as shown in Fig. 6B. Rotating adjusting screws 84 in or out 
adjusts the wall thickness of the other two opposing sides of the extrusion where the 

25 adjusting plate 70 is moved in either direction 73 or direction 79 in the adjusting 

channel 64. In the preferred embodiment, adjusting plate 70 is restricted to movement 
in the "Y" direction in an x-y coordinate system. 

Both adjusting plates can be adjusted to shift the extrusion walls to any x-y 
coordinate desired. With adjustment, the openings of the adjustment plates may be 




offset relative to each other and to the opening of bushing plate 50, creating an offset in 
the melt flow path. To avoid an interruption in flow at such an offset which could result 
in burning of the melt, the lead-in edge of each opening is beveled. Fig. 4A shows a 
shift of adjusting plate 60 where the lead-in edges 61 allow the melt to follow without 
5 interruption. The shift on the adjusting plate 60 results in an increases of one side of the 
passageway between adjusting plate 60 and profile pin 90 while decreasing the other 
side of the passageway. In a view orthogonal to Fig. 4A, Fig. 4B shows a shift of 
adjusting plate 70 where the lead-in edges 71 allow the melt to follow without 
interruption. The shift on the adjusting plate 70 results in an increases of one side of the 
10 passageway between adjusting plate 70 and profile pin 90 while decreasing the other 
^[ side of the passageway. The product of adjusting the adjusting plates results in a 

yj symmetrical profile as shown in Fig. 6A. Preferably, horizontal lead-ins are at least 

h j 20/1 000 and vertical lead-ins are at least 6/1 000. 

; !f The extrusion exits the adjustable extrusion die 10 between lip 78 of adjusting 

P 15 plate 70 and section 95 of profile pin 90. A heat plate 110 is installed on the adjustable 

Q extrusion die 10 to maintain the proper viscosity of the CCS flowing through the die. 

jspi The heat plate 110 sits over lip 78 and flush to the face of protrusion 76 of adjusting 

*F plate 70. The heat plate cover 120 sits on the heat plate 100 and holds the heat plate 110 

M= to adjusting plate 70 by bolts 77. Bolts 77 secure to threaded holes 75 in adjusting plate 

20 70. Thermal sensors 130 are needed to sense the temperature of the CCS flowing 

through adjustable profile die 10 and are inserted in thermal bores 79 located in bushing 
plate 40 and adjusting plate 70. Heat plates 1 10 can be located anywhere on the 
extrusion die 10 or within the profile pin 90. 

Bushing plate 40 is coupled between bushing plate 30 and bushing plate 50 such 
25 that the CCS cannot leak through the joint between bushing plate 30 and bushing plate 
40 and the joint between bushing plate 40 and bushing plate 50. The bushing plates are 
fastened together by inserting bolts (not shown) through counterbore holes 42 in 
bushing plate 50, holes 42 in bushing plate 40, and secured to threaded holes 42 in 
bushing plate 30. 
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Adjusting retaining ring 80 sits over protrusion 76 of adjustment plate 70 and 
houses adjusting plate 60 and adjusting plate 70. The adjusting retaining ring 80 is 
coupled to bushing plate 50 such that the CCS cannot leak through the joint between 
bushing plate 50 and adjusting plate 60 and the joint between adjusting plate 60 and 
5 adjusting plate 70. The adjusting retaining ring 80 fastens to bushing plate 50 by 
inserting bolts 86 through counterbore holes 87 in adjusting retaining ring 80 and 
secured to threaded holes 56 in bushing plate 50. Adjusting bolts 82 are moveable 
within threaded holes 83 in adjusting retaining ring 80 and sit squarely on adjustment 
plate 66 of adjusting plate 60. Adjusting bolts 82 are required to hold adjusting plate 60 
10 in a desired position during the extrusion process. Adjustment bolts 84 are moveable 
p within threaded holes 85 in adjusting retaining ring 80 and sit squarely on adjustment 

:*3 plate 74 of adjusting plate 70. Adjusting bolts 82 are required to hold adjusting plate 

^ 70 in a desired position during the extrusion process. In another embodiment, the 

rU adjusting bolts can be operated automatically or remotely by other than manual means. 

in 

p 15 Profile pin 90 is coupled to spider pipe head 8 by draw bar 100. Protrusion 92 of 

;L profile pin 90 fits within bore 142 of the spider pipe head 8. Draw bar 100 defines 

;4 proximal end 101 and distal end 103 where both proximal and distal ends are threaded. 

J!: The proximal end 101 secures to threaded hole 146 in spider pipe head 8. Nut 104 

secures to the distal end 103 of draw bar 100 to couple profile pin 90 flush to edge 144 
20 of the spider pipe head 8 such that the CCS cannot leak into the joint between the spider 
pipe head 8 and profile pin 90. 

The adjustable profile die 10 is coupled to the spider pipe head 8 by retaining 
ring 20. The flange 34 of bushing plate 30 sits within bore 24 of retaining ring 20 which 
holds the adjustable extrusion die 10 flush to the spider pipe head 8 such that the CCS 
25 cannot leak through the joint created by joining the spider pipe head 8 with the 

adjustable extrusion die 10. Installation assist holes 22 in bushing plate 30 and bushing 
plate 40 are provided to assist in the installation procedure of the adjustable extrusion 
die 10. Retaining ring 20 fastens to the spider pipe head 8 with bolts 26. The bolts 26 



2309.1004-000 



* 



-9- 



are inserted in counterbore slot holes 28 and secured to threaded holes 140 in the spider 
pipe head 8. 

While this invention has been particularly shown and described with references 
to preferred embodiments thereof, it will be understood by those skilled in the art that 
5 various changes in form and details may be made therein without departing from the 
scope of the invention encompassed by the appended claims. 



